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Abstract 
Function Approach is widely used for analyzing Engineering Systems and formulating and solving inventive problems: Function 
Analysis is an inalienable part of the analytical stage of any innovation project, while Function-Oriented Search is used 
effectively at the problem-solving stage. The goal of the current research is to develop the Advanced Function Approach which 
would significantly increase the effectiveness of existing methodological tools.  
The main parts of the study presented here are:  
1. Research of the application history and the evolution of Function Analysis, which indicates that the next logical step for 
enhancing the Function Approach is the introduction of two parameters: "time of performing a function" and "place of 
performing a function".  
2. Logical deductive substantiation of the need to apply spatio-temporal parameters for formulating functions. 
3. Examples of the application of this Advanced Function Approach.  
It should be mentioned that the recommendations formulated here are practical and may be used by researchers and TRIZ 
practitioners who have basic knowledge of the function approach. 
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1. Introduction. Historical overview of the function approach. Effectiveness of applying parameters. 
In order to identify the next steps in the development of the function approach let us review the history and 
evolution of its application in analyzing engineering systems. We are mostly interested in defining the tendency of 
increasing instrumentality of the approach. The main purpose of the current review is to demonstrate that our 
findings and recommendations for improving the function approach could be considered the next logical step. Of 
course, the review does not substitute an assay of our recommendations, and practical substantiation is still required.  
Universally recognized founder of the function approach, Lawrence D. Miles, developed Value engineering (VE) 
- a systematic method to improve the "value" of goods or products and services by examining their functions. Value, 
as defined, is the ratio of function to cost. VE follows a structured thought process that is based exclusively on 
"function", i.e. what something does, not what it is [1]. 
Lawrence D. Miles pointed out that a function is the result expected by the consumer. A function is something for 
which the consumer is willing to pay. This is not an action but a result of an action. 
It is important to note that VE is not just a technique for describing and analyzing systems; it allows the project 
team to better understand the system with which they are working.   
However, VE has its own restrictions and limitations. An important one is its strong focus on the cost related 
parameters of a system’s components. 
The Function Analyses System Technique (FAST) developed by Charles W. Bytheway in 1965 was the next 
important step in the evolution of the function analysis. Graphical representation of functions made it possible to 
describe complicated systems [2]. The technique also suggested defining the goal of the function by asking the 
question “Why?” and a method for performing the function by asking question “How?” 
“There is essential logic associated with the FAST HOW-WHY directional orientation. First, when undertaking 
any task it is best to start with the goals of the task, then explore methods to achieve the goals. When addressing any 
function on the FAST model with the question WHY, the function to its left expresses the goal of that function. The 
question HOW, is answered by the function on the right, and is a method to perform that function being addressed. 
A systems diagram starts at the beginning of the system and ends with its goal. A FAST model, reading from left to 
right, starts with the goal, and ends at the beginning of the "system" that will achieve that goal” [3]. 
Another direction in the development of the function approach was Quality Function Deployment (QFD) created 
by Yoji Akao in 1965—1967 [4]. This technique can be used for the interpretation of customer needs into technical 
requirements for products and the parameters of their manufacturing processes. 
QFD employs a great number of parameters in order to identify relations between them. From the methodological 
point of view, QFD is well formalized. However, this approach is not supported enough by analytical tools; relations 
between parameters are defined based on the opinions of experts. This means that the results achieved by applying 
QFD strongly depend on the qualifications of the experts. 
 The function analysis for engineering systems was developed by specialists of the Leningrad (St. Petersburg) 
TRIZ school: Vladimir Gerasimov and Simon Litvin. Their methodological recommendations are summarized in 
[5].  
The key milestones are as follows: 
y A concrete, practical definition of function was introduced: “An action performed by one Material Object to 
change or maintain a Parameter of another Material Object”.   
y A triad for the description of a function was suggested: “function carrier – action – object of the function”. 
y Rules and algorithm for accurately formulating functions were developed. 
y A parametrical evaluation of the level of function performance was suggested. 
y Also, the concepts of harmful and neutral functions were introduced. 
The findings mentioned above were taken as a basis for the development of such analytical and problem solving 
tools as Trimming, Feature Transfer, Super Effect Analysis, and Function Oriented Search. 
An analysis of the evolution of the function approach allows us to point out the following tendency:  
y The key idea of the function description of systems was the usage of the quantitative parameter, Value, 
thereby making the function approach so powerful and unique.  
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y The development of FAST diagrams made it possible to apply the function approach to describe complicated 
systems at a qualitative level, i.e. accurate within the sequence of performing functions. 
y The introduction of a parameter for evaluating the level of function performance enabled a clear separation of 
two concepts: “action” and “result of an action”.  
Thus, the tendency of introducing parameters for developing the function approach is clearly observed. The next 
natural, logical step, then, is to characterize the action itself with some parameters. We assume that "time of 
performing a function" and "space of performing a function" could be considered two of the most universal 
parameters for increasing the accuracy of describing systems. 
Increasing the accuracy and detailing of system descriptions allows us to identify function disadvantages in the 
system which are difficult to observe with the classical function approach. In fact, a new type of function 
disadvantages is introduced which provides new opportunities for analyzing systems. As distinct from previous 
evaluation of parameter discrepancy to requirements, we recommend indicating when and where such a discrepancy 
occurs. 
2. Advanced function approach 
"Weather forecasters never lie when they forecast the weather. They just mix up place and time." 
Russian joke. 
2.1. Essence of the suggested approach 
What is suggested: 
1. To use spatio-temporal parameters when describing an Engineering System functionally: "time of 
performing a function" and "place/allocation of performing a function".  
2. To combine features of both types of Function Analysis: 
y Function Analysis for Processes gives us a clear understanding of sequence and duration of 
functions. 
y Function Analysis for Products gives us a structural picture of the analyzed engineering system - 
collocations and interaction of components of the system and its supersystem. 
3. To introduce a new type of function disadvantages to the Function Analysis technique. That is, 
disadvantages which are related to the mismatch of real time and place of performing the function with 
the required ones.   
Why are the spatio-temporal parameters required for describing Engineering Systems:  
1. To reveal the disadvantages of a system which are hard to identify by using the classical Function 
Approach.  
2. To simplify the technique for formulating contradictions which could be resolved in space and 
contradictions which could be resolved in time.  
3. To enhance a technique for searching for resources during problem solving. 
2.2. Template for creating a Function Model with the application of the Advanced Function Approach 
Traditionally, a Function Model is presented in table format to make it easier to indicate function type - useful or 
harmful, and level of performance for useful functions - insufficient, normal or excessive. It is also possible to 
present the Function Model as a graph to illustrate the general structure of a function model. 
We suggest adding two columns to the function table as shown below (see Table 1.) 
2.3. Algorithm for formulating component function, including place and time characteristics of function 
performance 
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According to methodological recommendations [5], “there is a certain sequence to defining a useful function of 
an object: 
1) Suggest an initial formulation of an object's function that seems correct.   
2) Ascertain whether the object could perform the proposed function itself (the criterion for this is the 
presence of at least one element in the object  that participates in the execution of the function). 
3) Formulate a more precise definition of the function by asking the following questions: “what is the 
purpose of performing the function?“ (if the element mentioned in #2 above is evident); “how exactly is 
the function performed?“ (if the element in #2 is not evident).  
If the initial function is imprecise, procedures 2-3 should be repeated until a precise definition is found. The 
criterion for finding a meaningful, precise definition is that at least one element of the object being analysed takes 
part  in performing the function.” 
 
Table 1: Template for creating a function model. 
 
We propose adding the following steps to those above:      
4) Indicate the place the function is performed;  
The indication of place should be precise and specific, because the same function could have very different levels 
of performance in different places.  
5) Indicate the time the function is performed. 
3. Examples of using the advanced function approach for analyzing engineering systems 
Cleansing teeth with a toothbrush.  
The example with a toothbrush was used by Simon Litvin and Vladimir Gerasimov in developing the basics of 
TRIZ-based Function Analysis. Nowadays, this example is widely used in teaching Function Analysis during TRIZ 
seminars. Moreover, the application of various TRIZ based techniques is demonstrated by the Function Model of the 
toothbrush, for example "TRIZ Application for IP Strategies Development“ [6]. 
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Using this classical example, let us demonstrate the advantages of Advanced Function Approach in function 
modeling of such a simple system as a toothbrush. The main function of the engineering system under analysis is “to 
remove plaque (from the teeth)”.    
A fragment of the function model at the top hierarchical level is depicted on Figure 1. 
 
Teeth
Toothbrush Plaque  
hold
Gums
removes
damages damages
 
 
Figure 1: A fragment of the function model at the top of the hierarchy. 
 
The model states that the basic function of the toothbrush “to remove plaque” has an insufficient level of 
performance, assuming that such level was estimated by the parameter “amount of dirt”. This is all of the 
information we identified about the interaction of two components: the toothbrush and the plaque.   
However, the important fact that plaque between teeth is removed insufficiently is not stated by the function 
model. Actually, according to dentists’ recommendations it is necessary to use floss to complete a cleansing 
procedure (see  Figure 2). 
 
 
Figure 2: Application of floss. 
 
Moreover, the most dangerous location of plaque is the area under the gum, which is where parodontosis starts. 
The very important fact that the toothbrush does not remove plaque from the area under the gum is not indicated.    
If we consider ES toothbrush as a set of functions which are characterized by location and time of performance, 
then it becomes clear that the toothbrush removes plaque from different surfaces of the teeth and, which is especially 
important, at different moments in time.  Actually, this type of function model could be built based on dentists’ 
recommendations (Figure 3)  
By using the Advanced Function Approach it is easy to show that, in reality, the interaction between two 
components "toothbrush" - "plaque" is described by at least four derivatives of a function, which are performed in 
different places and at different moments of time. It is also important that the levels of performance of these 
derivatives are different: 
1. toothbrush - "removes plaque" (t10 – the beginning of tooth brushing; external side of teeth); adequate 
level of performance; 
2. toothbrush - "removes plaque" (t20; chewing side of teeth); adequate level of performance;  
3. toothbrush - "removes plaque" (t30; palatine side of teeth); insufficient level of performance; 
4. toothbrush - "removes plaque" (t40; between teeth); insufficient level of performance. 
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Figure 3: Tooth 6 procedure. 
 
Fragment of the function table created utilizing the Advanced Function Approach is presented below (see Table 
2). 
Different sides of 
gums could be 
considered as well: 
external, between 
teeth, etc.
Near teeth HarmfulGums damagesToothbrusht10-t40
Whole surface of 
teeth
HarmfulTeeth damages Toothbrusht10-t40
Side surface of 
teeth (between 
teeth)
Basic, insufficientPlaque removesToothbrusht40 
Palatal side of teethBasic, insufficient Plaque removesToothbrusht30 
External side of 
teeth
Basic, normal Plaque removesToothbrush t10
Chewing side of 
teeth
Basic, normalPlaqueremovesToothbrusht20 
Whole surface of 
teeth: external, 
chewing, palatal, 
between teeth, 
under gum.
Harmful PlaqueholdTeeth t0
…
Function 
Carrier 
…
Action 
…
Time
………
Object of 
Function  
CommentsLocation  
Type/rank and 
level of 
performance 
Function
 
 
Table 2: Fragment of the function model. 
 
It is also shown in Table 2 that harmful function “teeth hold plaque under gum” exists but there is no useful 
function “toothbrush removes plaque under gum”. 
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Let us compare the results obtained by using the classical TRIZ-based Function Approach and the results from 
applying Advanced Function Approach. 
y While using the classical TRIZ approach a functional disadvantage was detected and documented: the level 
of function implementation "toothbrush - "remove dirt" is insufficient (for example by the parameter "amount 
of dirt") 
y With the use of the Advanced Function Approach it was clearly demonstrated that:  
o The toothbrush adequately removes dirt from the external and grinding surface of teeth. 
o The toothbrush insufficiently removes dirt from the inner and flank surface of teeth.  
o The toothbrush does not remove dirt from under the gum. In order words, a very important function, 
which is required of the ES, does not exist. 
Such information is essential in an analysis of a real ES, since it helps to better understand systems functionally 
and identify the drawbacks related to the discrepancy of the factual place of function implementation with the 
required one.  
A detailed comparison of the classical TRIZ-based function approach and the Advanced Function Approach is 
presented in Table 3. 
In addition, it is shown that in one place - "on the tooth surface (external/palatal/flank)" one and the same object 
"toothbrush" implements both the useful function "to remove dirt" and the harmful function "to damage teeth".  
The implementation of useful and harmful functions by the object at the same place is the disadvantage of ES that 
can be formulated as an objective contradiction. 
For example, the physical contradiction (PhC) for a toothbrush can be formulated as: "The toothbrush has to 
contact the tooth surface to remove the dirt and the toothbrush should not contact the tooth surface in order not to   
damage it."  
Another weakness of the system easily detected with the help of a Function Model (Table 2) is that the object 
"toothbrush" simultaneously implements useful functions "to remove dirt" and a harmful function "to damage 
gums". 
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For a real Engineering 
System, the simultaneous 
implementation of useful and harmful 
functions by an object is a disadvantage that can be formulated as an objective contradiction.  
For example, in the case of the toothbrush, since the functions “to remove dirt" and "to damage gums" are 
implemented simultaneously, the contradictions can be written as follows: 
Technical Contradiction (TC) - 1: "If teeth are being cleaned by a toothbrush for a long period of time, then all 
dirt will be removed, but the gums will be severely damaged."  
                  Approach 
 
Criteria   
Classical TRIZ-based Function 
Approach 
Advanced Function Approach  
Types of function 
disadvantages  
y Harmful functions, 
y Excessively or insufficiently 
performed useful functions, 
y Functions with low function rank. 
y Paucity of useful function 
performed by a component, 
y Complete or partial duplication of 
the function by different 
components, 
Comment: in practice in most cases only first 
and second type disadvantages are taken 
into consideration  
y furthermore, there is another type 
of disadvantages which is 
associated with high cost of 
system components.  
y All the same types of 
disadvantages used in classical 
approach, 
y Performing a function in the 
wrong place, 
y Performing a function at the 
wrong time, 
y Absence of an important 
function. 
Evaluation of level of 
performance for Harmful 
Functions  
Neglected  It is recommended that harmful, as well as 
useful, functions be characterized by spatio-
temporal parameters. 
Comment: it is easy to identify exactly when 
and where a harmful function is performed. 
Therefore, disadvantages of the engineering 
system could be formulated much more 
precisely. 
Main results of Function 
Modeling  
y Function Model (Function 
representation) of the engineering 
system, 
Comment: Function modeling allows the 
project team to understand the system 
quickly and thoroughly and, as with  
consulting projects, confirm such 
understanding with the client   
y Function Disadvantages of the 
Engineering System, 
y Variations of Trimming. 
y The same results obtained in 
classical approach, 
Comment: it is important to mention again 
that  new types of spatio-temporal function 
disadvantages are being introduced.  
y Function chronogram (time chart 
of functions) 
Comment: such chronogram could be used 
to reveal disadvantages and resources in 
time. 
y Function map - diagram of  
function locations 
Comment: such a map could be used to 
reveal disadvantages and resources in 
space.  
Table 3: Comparison of Classical Function Approach and Advanced Function Approach. 
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TC - 2: "If teeth are being cleaned by a toothbrush for a short period of time, then the gums will not be damaged, 
but the dirt will remain on the teeth." 
PhC for a toothbrush can be formulated as: "The cleaning time should be long-lasting in order to remove dirt and 
the cleaning time should be short in order not to damage the gums."  
So, the example above shows how the Advanced Function Approach could be used for describing systems and 
identifying disadvantages of the systems. In fact, the suggested approach does not take much more time and effort 
than the classical approach, but it allows us to find the real non-obvious disadvantages of a system under analysis. 
Evaporation of ceramic rods. 
In order to produce nano particles, form thin films and other applications, it is necessary to evaporate refractory 
materials: Al2O3, MgO, SiO2 or their combinations.  
At the present time powerful lasers are used in the evaporation of such materials.  
 
 
 
Figure 4: Schematic of the evaporation of ceramic rods. 
 
The main problem when using a laser is that the rod breaks easily from thermal shock, which occurs due to the 
concentration of high energy on the tip of the rod and the low thermal conductivity of ceramic. For this reason, it is 
necessary to change rods frequently.   
The problem statement is, then, how to provide continuous evaporation without breaking rods?  
If we use the Advanced Function Approach for describing the system, it could easily be shown that: 
y The useful function "laser beam evaporates rod" is performed at the same time as the harmful function "laser 
beam breaks rod".  
y However, the locations of these two functions are different: for the useful function it is at the tip of the rod, 
for the harmful function it is the entire body of the rod. 
So, now it becomes clear that we do not need to provide rod integrity all the time, but we do need to have the 
required amount of material in the focus of the laser beam all the time. Once the problem statement was 
reformulated, the following solution was suggested:  
The material to be evaporated should be in powder form (size 100 microns) and not rods. Powder feeders are 
commercially available and reliable.  
In conclusion, we applied time and space characteristics at the function modeling stage in order to describe our 
system more precisely. This allowed us to redefine the problem statement and identify a practical solution [8]. 
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Figure 5: Schematic of the evaporation of ceramic powder. 
 
4. Summary 
The logic of the current research follows the deductive method of creating scientific theories when a whole 
working theory is built upon assumptions. Basically, this method organizes knowledge that existed before and 
extends the range of applications where that knowledge may be applied.  
In the current research, based on a historical analysis of the effectiveness of applying parameters for formulating 
functions, it was assumed that not only the object and the recipient of the function, but also the action (the verb) 
should be characterized by some parameters.  It was suggested that the spatio-temporal parameters "time of 
performing a function" and "place of performing a function" are the most universal to characterize any action. In 
fact, any action takes place within a certain period of time and in a certain space.  
This approach was given the name "Advanced Function Approach." 
Then it was shown how the utilization of the spatio-temporal parameters can enhance such a powerful analytical 
tool as the Function Analysis for Engineering Systems. In fact, a new type of function disadvantages was introduced 
for the analysis and a template for creating a Function Model was also suggested.  
The next steps will be to develop methodological recommendations regarding the application of Advanced 
Function Approach to improve such analytical TRIZ tools as Feature Transfer, Flow Analysis and Cause-Effect 
Chain Analysis. 
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